ABSTRACT ABSTRACT ABSTRACT ABSTRACT. A series of 4-chloro-2-[(arylmethylidene)amino]phenols (1-11) including methoxy group were synthesized using appropriate synthetic route. The structures of the Schiff bases were characterized by FT-IR, UV-Vis, ESI-MS, 1 H and 13 C-NMR spectroscopic techniques and analytical methods. A relation is observed between melting points and existence of intramolecular hydrogen bonding. IR spectra of the compounds including and not including hydrogen bonding were compared. The compounds 2 and 4 show the characteristic UV bands attributed to the NH-forms. According to the 1 H-NMR spectral data the compound 2 has the strongest intramolecular hydrogen bonding and the compound 6 shows two isomeric structure. On the other hand, antibacterial and antifungal activities of the compounds were investigated. Most of the compounds show selective activity toward S. epidermidis and C. albicans.
INTRODUCTION
Schiff bases, also known as azomethines due to they have RC=N group, play important roles in biological systems. They are facing a growing interest due to their various applications, e.g. as anticancer [1] [2] [3] [4] [5] , antibacterial [6] [7] [8] [9] , antiviral [10] [11] [12] , antifungal [13] [14] [15] , and about their other biological properties [16] [17] [18] [19] [20] [21] . Intramolecular hydrogen bonding between OH hydrogen and C=N nitrogen atoms of Schiff bases determines the properties of various molecular systems and plays a significant role in many biochemical mechanisms [22] . Also, C=N linkage in the azomethine derivatives is essential for biological activity [23] . Since proton transfer is known to be crucial for physicochemical properties and practical application of Schiff bases, this process has been widely studied in literature [24] .
Intramolecular electron transfer is a fundamental chemical phenomenon that relates specifically to redox processes that occur in both natural and synthetic electron-transfer systems [25] . Sterically hindered ligands bearing salicyl parts are known to be effective antioxidants, and are widely used in the rancidification of fats and oil [26] . There has been a steady growth of interest in the synthesis, structure, and reactivity of Schiff bases due to their potential applications in biological modeling, catalysis, design of molecular magnets and materials chemistry [27] [28] [29] .
On the other hand, Schiff bases have been extensively used as ligands in coordination chemistry because of their excellent donor abilities and chelating agents [30] [31] [32] [33] [34] . Schiff bases metal complexes have many industrial uses, especially in catalysis [35] [36] [37] , dying [38] [39] [40] and analytical reagents [41] .
In this study, we synthesized eleven Schiff bases derived from 4-chloro-2-aminophenol and various mono-or dimethoxybenzaldehyde derivatives (Scheme 1) and characterized them by using analytical and spectroscopic techniques. Antibacterial and antifungal activities of the Schiff bases were evaluated by the disk diffusion method against six bacteria and C. albicans as fungus. 
Compound

EXPERIMENTAL
All the chemicals and solvents were of reagent grade (Merck, Fluka and Sigma-Aldrich) and were used without further purification. Elemental data were obtained with a Thermo Finnigan Flash EA 1112 analyzer (USA-Thermo Fischer Scientific). Melting points were determined using an Electro thermal melting-point apparatus (The Netherlands).
1
H-(499.74 MHz) and 13 C-NMR (125.68 MHz) spectra were run on a Varian Unity Inova 500 NMR spectrometer (USA). The residual DMSO-d 6 signal was also used as an internal reference. FT-IR spectra were recorded in KBr disks on a Mattson 1000 FT-IR spectrometer (USA). UVVisible spectra were performed on a Perkin Elmer Lambda 25 UV/Visible Spectrometer (USA). The Electron Spray Ionization-Mass Spectroscopy (ESI-MS) analyses were carried out in positive ion modes using a Thermo Finnigan LCQ Advantage MAX LC/MS/MS (USA-Thermo Scientific).
Synthesis of the Schiff bases
The Schiff bases were prepared by mixing an ethanolic solution (10 mL) of 4-chloro-2-aminophenol (720 mg; 5 mmol) with appropriate methoxybenzaldehyde (e.g. 4-hydroxy-3-methoxy-5-nitrobenzaldehyde for 6, 985 mg; 5 mmol) in same volume of ethanol. This mixture was then refluxed with stirring for 3 h and the solution was allowed at the room temperature to crystallize the Schiff bases. [42, 43] . MuellerHinton broth for bacteria, RPMI-1640 medium buffered to pH 7.0 with MOPS for yeast strain was used as the test medium. Serial two-fold dilutions ranging from 5000 µg/mL to 4.9 µg/mL were prepared in medium. The inoculum was prepared using a 4-6 h broth culture of each bacteria and 24 culture of yeast strains adjusted to a turbidity equivalent to a 0. 
Determination of antimicrobial activity
RESULTS AND DISCUSSION
The analytical data and physical properties of the Schiff bases are summarized in Table 1 . As can be seen from Table 1 and Scheme 1, the compounds 1-3, 5 and 7-11 are isomers among themselves. 
Melting points
It is expected that there are both inter-and intramolecular hydrogen bondings in compound 1, 2, 3 and 4 because of two hydroxy groups. It is known that intermolecular hydrogen bonding increases the melting point of the compounds. Likewise, the melting point of the compound 1, 2 and 4, 210, 219 and 232 ºC, respectively, are higher than those of the other Schiff bases. However, melting point of the compound 3 is lower (145 ºC) than that of the other compounds (1, 2 and 4) that include intramolecular hydrogen bonding ( Figure 1 ). The low melting point of 3 may be explained by keto-enol tautomerism. A large number of Schiff bases was structurally determined so far, revealing that crystal structures of compounds of this class were dominated by the O-H···N (enol-imino) tautomeric form [44, 45] . Some of Schiff bases exhibit the N-H···O tautomers [46] [47] [48] [49] [50] [51] and their common feature is the presence of a hydroxyl [46, [49] [50] [51] or a nitro group [47, 48] at the N-phenyl ring or the phenyl ring of parent aldehyde. It was reported that the tautomeric forms are influenced by the different intermolecular hydrogen bonding patterns of the molecules in the crystalline state. The stabilization of the non-favorable [52] . The compound 3 includes a methoxy group at the para position according to the phenolic hydroxy group and this structure is caused to form a keto-enol tautomerism (Scheme 2) [53] . Also, 1 H-NMR data support this explanation (See NMR section). High melting point (205 ºC) of the compound 6 can be explained by the strong intermolecular hydrogen bonding that is formed by the nitro and hydroxy groups. Melting points of the Schiff bases that have not included any hydrogen bonding (7) (8) (9) (10) (11) are lower than the others. Their melting points are in the range 104-165 ºC. The individual melting points of the compounds are sharp and uncorrected.
FT-IR spectra
FT-IR spectral data (in KBr pellets) of the compounds are given in Table 2 . Also, information of hydrogen bonding existence in Schiff bases is presented in Table 2 .
The IR spectra of the Schiff bases shows medium or strong intensity absorption bands at 1615-1650 cm -1 assigned to C=N stretching mode. The presence of aromatic rings has been identified by their characteristic ring vibrations at 1500-1400, 1100-1050 and 900-700 cm -1 regions. The absence of bands characteristic of ν(C=O), primary amine ν(NH) confirms the formation of the proposed Schiff base framework.
The broad bands between 2800 and 2400 cm -1 in the spectra of the compounds 1, 2, 3 and 4 demonstrates the formation of the OH···N intramolecular hydrogen bond between the salicyl part OH proton and the nitrogen atoms [52, 54, 55] . This broad band is weaker at the compound 3 than the compounds 1, 2 and 4 because of the keto-enol tautomerism.
The characteristic ν(C-H) modes of ring residues are observed at near 3050 cm -1 . Methoxy and CH=N groups stretching vibrations appear between 3000 and 2800 cm -1 . The strong or medium bands between 3428 and 3325 cm -1 at the Schiff bases that not including hydrogen bonding can be assigned to ν(OH) [52, [55] [56] [57] [58] .
The C-O stretching vibrations appear at the 1250-1300 cm -1 range as strong bands [59] . The C-Cl stretching vibration is seen at the range 600-650 cm -1 as medium or weak bands for the all of the compounds [60] . In the IR spectrum of 6, the strong or medium bands at 1549 cm -1 and at 1332 cm -1 can be assigned to the symmetric and asymmetric ν(NO 2 ), respectively. The C-Br stretching vibration is seen at 513 cm -1 as a medium band for 4 [61] . Table 2 . The FT-IR spectral data for 1-11.
Compound Frequency (cm 
UV-Visible spectra
The UV-visible spectral data of the compounds are presented in Table 3 . The UV-visible absorption spectra are obtained in methanol at room temperature. The compounds exhibit intense bands in the 200-400 nm region, which may be assigned to n→π* and π→π* transitions in their spectra. The 210-300 nm bands are due to the π→π* transitions of the aromatic rings. The bands at the 300-350 nm range involve π→π* transitions of the C=N group. The longer wavelength bands over ca. 400 nm can be assigned to the intramolecular charge transfer interactions [62] [63] [64] [65] [66] [67] . UV-visible spectroscopy is known to be a very sensitive method for studying tautomeric equilibrium in Schiff bases. The two long-wavelength bands observed in the electronic spectra of the compounds are assigned to the OH-and NH-forms [63] [64] [65] [66] [68] [69] [70] . The bands at ca. 350 nm observed in spectra of the Schiff bases can be assigned to the OHform. The bands above 370 nm are assigned to the NH-forms [63] . The compounds 2 and 4 have the characteristic bands for NH-forms (Figure 3 ) in the present study. The UV-Vis spectra of these two Schiff bases indicate the existence of the proton transfer equilibrium. 
Mass spectra
The ESI-MS spectral data of the compounds are given in Table 4 as molecular ions with the relative abundance. The mole peaks are determined for all the Schiff bases that include chlorine atom. It is known that chlorine has two isotopes: These isotopes, their percent abundance and approximately relative proportions are as follows: 35 Cl(75.8%): 37 Cl(24.2%) (3:1). The isotopic patterns from chlorine atom are identified at the ESI-MS spectra of the all compounds. As expected, a lot of isotopic patterns are observed at the spectrum of the compound 4 that includes both bromine and chlorine atoms. Bromine also has two isotopes as 
NMR spectra
1 H-NMR spectral data and their assignments are given in Table 5 . OCH3) ; s = singlet, d = doublet, dd = doublet of doublets, t = triplet, br = broad, m = multiplet.
The compounds 1, 2, 3 and 4 have two hydroxy groups: One of them is located at the salicyl part (R 1 position) and the other one at 5-chloro-2-hydroxyphenyl moiety. It is known that hydrogen bonding shifts the resonance signal of a proton to lower field (higher frequency). The signals at 13.64, 14.01, 12.69 and 13.71 ppm are due to the salicyl part OH protons of the compounds 1, 2, 3 and 4, respectively. Comparing the 1 H-NMR data of salicyl part OH protons of the compounds 1 -4, it can be said that the strongest intramolecular hydrogen bond (OH···N) is formed in 2, and the weakest one in 3. It is interesting that 12.69 ppm value of the compound 3 is lower than those of the other phenolic Schiff bases. This difference means that the phenolic OH proton of 3 has less acidic character and, consequently, the compound 3 has weaker intramolecular hydrogen bonding according to the others. Reason of this is the compound 3 has keto-enol tautomers (Scheme 2). (The phenolic OH proton of 3, has weaker acidic character than the other OH proton, is more shielded and it appears at lower ppm (higher field) values according to the compounds 1, 2 and 4). A similar situation was observed at the melting points of these four Schiff bases: Melting point of 3 is lower than those of the compounds 1, 2 and 4 (See Melting Point section). These data are in very good agreement with the FT-IR spectra of these compounds. In the FT-IR spectra of the compounds 1 -4, the broad bands at about 2650 cm -1 are assigned to the stretching hydrogen motions in the intramolecular OH···N hydrogen bonding.
The OH proton of 5-chloro-2-hydroxyphenyl ring appears between 9.14 and 10.22 ppm. The phenolic OH protons that could not form intramolecular hydrogen bonding (at the 3' and 4' positions of the compounds 5 and 6, respectively) are observed at 9.17 and 9.22 ppm, respectively. The chemical shifts, observed between 8.50 and 8.96 ppm as singlet, are assigned to the azomethine (CH=N) proton [71] . The peaks at the 6.63 -8.12 ppm range are assignable to the aromatic protons [64, 72] . The protons of the methoxy groups of the compounds exhibit singlet peaks near 3.80 ppm. According to the 1 H-NMR spectral data, the protons of the two methoxy groups of the compound 8, which gives a singlet at 3.81 ppm, are magnetically equivalent.
The compound 6 has two isomeric structures according to the 1 H-NMR spectra in DMSOd 6 . (Table 5 ; Scheme 3). It is observed that 5-chloro-2-hydroxyphenyl protons are affected considerably by the isomer forming, whereas the salicyl part protons are not. 13 C-NMR spectral data are given in Table 6 with their assignments. Azomethine carbons of the compounds appear between 156 and 164 ppm. The methoxy carbons are observed at the 55 -60 ppm range. The carbon atoms bonded to OH oxygen atom (C 2 ) at 5-chloro-2-hydroxyphenyl ring give signals at the lower ppm value (between 147 and 151 ppm) than the carbon atoms that bonded to the salicyl part OH oxygen (>151 ppm). The carbon atoms connected to the methoxy group are observed at the 151 -164 ppm range. The carbon atom C 5 , bonded to the chlorine atom, appears at ca. 124 ppm in all of the compounds [63, 70] . The compounds 7-11 have two methoxy groups. The APT spectral data of the compounds 7 and 8 show that the methoxy carbon atoms are magnetically equivalent. They give only a peak at 58.2 and 56.2 ppm for 7 and 8, respectively. The methoxy carbon atoms of the other Schiff bases (9, 10 and 11) are magnetically non-equivalent.
Antimicrobial activity
The results concerning in vitro antimicrobial activity of the compounds together with MIC values of compared antibiotic and antifungal reagents are presented in Table 7 . Table 7 . In vitro antimicrobial activity of the compounds (MIC, µg/mL). It is observed that most of the compounds are particularly effective on S. epidermidis and C. albicans. This observation can be assumed as selective activity. The compound 5 is effective on three different microorganisms: Two of them are Staphylococcus type Gram positive bacteria (S. aureus and S. epidermidis) and the third one is a fungus (C. albicans). Antifungal activity of the compound 5 (39 µg/mL) is better than its' antibacterial activity (156 µg/mL). On the other hand, it is an interesting result that the Schiff bases including two methoxy groups (the compounds 7-11) have no any antifungal activity against C. albicans. At this stage, it is difficult to find a simple explanation for the antimicrobial activity of the compounds and further studies will be needed to elucidate these observations.
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